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(54) Refrigerant circulating system. 

(§) A refrigerant circulating system that uses a 
highly polar refrigerant, as typified by a hydrof- 
luorocarbon-based one, and a refrigerating oil 
that has low solubility with liquid refrigerant on 
the condensation side. The oil has a greater or 
smaller specific gravity than the liquid refriger- 
ant This can provide a high electrical insulation 



and moisture resistance, good oil return to the 
compressor (1), and high reliability. 
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BACKGROUND OF THE INVENTION 

This invention relates to a refrigerant circulating 
system which uses a refrigerant which essentially 
contains hydrof luorocarbon or third generation refrig- 
erants. 

An example of a conventional refrigerant circulat- 
ing system is as shown in Fig. 14. 

As indicated by the publication Tribologist)'' Vol. 
35, No. 9 (1990) pp. 621 to 626, in forming a refriger- 
ating machine using an HFC1 34a refrigerant contain- 
ing hydrof luorocarbon, PAG (polyether) or ester re- 
frigerating machine oil is employed, because the sol- 
ubility of the refrigerant and the refrigerating machine 
oil is one of the important factors determining the per- 
formance of the refrigerant circulating system. The 
conventional refrigerant circulating system shown in 
Fig. 14 is a refrigerating machine using an HFC134a 
refrigerant In Fig. 14, reference numeral 1 designa- 
tes a compressor for compressing a refrigerant gas; 
2, a condenser for condensing a high pressure refrig- 
erant gas discharged from the compressor 1; 3, a 
throttle mechanism; 4, an evaporator; 5, a 4-way 
valve having a function of reversing the direction of 
flow of the refrigerant; 8, an accumulator adapted to 
adjust the quantity of refrigerant; and 6, a refrigerat- 
ing machine oil kept in the compressor 1 to lubricate 
the slide parts of the compressor 1 and to seal the 
compressing chamber thereof, the oil being PAG 6a 
or ester refrigerating machine oil 6b. 

The behavior of the oil in the system will be de- 
scribed. The refrigerant compressed by the compres- 
sor 1 is supplied into the condenser 2. A larger part of 
the lubricant 6a or 6b used for lubricating the com- 
pressor and sealing the compressing chamber re- 
turns to the bottom of the compressor; however, the 
lubricant 6a or 6b which corresponds to about 0.5 to 
3.0% of the refrigerant by weight is discharged to- 
gether with the refrigerant from the compressor. The 
oil 6a or 6b thus discharged is soluble with the refrig- 
erant. Therefore, it flows smoothly through the con- 
denser 2, the capillary tube 3, and the evaporator 4 
into the accumulators, where it is dissolved in the ex- 
cess of liquid refrigerant 7a, thus returning through an 
oil returning hole 82 into the compressor 1. Hence, 
the lubricant 6 is kept in the compressor 1 at all times, 
thus performing the lubrication satisfactorily. 

Another example of the conventional refrigerant 
circulating system is as shown in Fig. 15. 

Heretofore, as disclosed by Japanese Patent Un- 
examined Publication (Kokai) Hei-5-1 7789/(1 992), a 
refrigerant circulating system employing a refrigerant 
mixture containing an inflammable refrigerant HFC32 
uses a refrigerating machine oil such as ester refrig- 
erating machine oil high in solubility. Fig. 15 shows an 
air conditioner using a refrigerant mixture of HFC32, 
HFC125and HFC134a. In Fig. 15, reference numeral 
1 designates a compressor for compressing the re- 



frigerant gas; 2, a condenser for condensing a high 
pressure refrigerant discharged from the compressor 
1 ; 3, a throttling mechanism; 4, an evaporator; 5, a 4- 
way valve for reversing the flow of refrigerant; 8, an 

5 accumulator having a function of adjusting the quan- 
tity of refrigerant; and 6, a refrigerating machine oil 
used for lubricating the slide parts of the compressor 
1 and sealing a compression chamber. More specifi- 
cally, the refrigerating machine oil is an ester refrig- 

10 erating machine oil 6a. 

The refrigerant sucked into the compressor 1, af- 
ter cooling an electric motor 12 in a closed container 
11, is compressed by a compressing mechanism 13, 
and discharged through the 4-way valve 5 into the 

15 condenser 2. In this operation, the refrigerating ma- 
chine oil 6 pooled in the bottom of the closed contain- 
er 11 is exposed to the atmosphere of the refrigerant 
sucked into the compressor, and a large quantity of 
refrigerant is dissolved into the refrigerating machine 

20 oil 6, because the latter 6 is high in solubility. 

The conventional HFC1 34a refrigerant circulat- 
ing system is designed as described above. The PAG 
(polyether) 6a has a volume resistivity of 10 7 to 10 10 
Qcm, and a saturated water content of about 25000 

25 ppM; whereas the ester refrigerating machine oil is 
superior in characteristic to the PAG, having a volume 
resistivity of 10 12 to 10 14 Ocm, and a saturated water 
content of about 1500 ppM. However, those oils are 
much inferior in electrical insulation and hygroscopi- 

30 city to a CFC1 2 refrigerating machine oil which is 10 15 
Qcm in volume resistivity and about 300 ppM in satu- 
rated water content. 

Hydrofluorocarbons (HFC) are promising refrig- 
erants that could replace CFC12 and HCFC22 which 

35 are on the list of materials that need be used less or 
totally disused in view of the environmental problems 
they have caused. Hydrofluorocarbons generally are 
more polar than CFC12 and HCFC22 and refrigerat- 
ing oils that are highly soluble with such hydrofluoro- 

40 carbons are also generally high in polarity. Hence, 
those oils which are soluble with hydrofluorocarbons 
tend to absorb moisture having high polarity. As a re- 
sult, moisture will be carried over into the refrigerant 
circulation system and there is high likelihood for de- 

45 terioration not only in electrical insulation but also in 
hydrolyzable materials such as refrigerating ester oils 
and those organic materials which are used in the 
compressor. If the deteriorated materials accumulate 
in the throttle mechanism, the performance of the re- 

50 f rigerant circulation system can potentially drop. 

Hence, in assembling the refrigerant circulating 
system, it is necessary to shorten the period of time 
as much as possible for which the system is left open 
in the air. That is, the production of the refrigerant cir- 

55 culating system suffers from a number of problems in 
handling the components. Furthermore, the system 
involves the following problems: If a large quantity of 
water content enters the system, the formation of 
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sludge is accelerated, or the water content is f reezed 
to close the throttle mechanism, thus impeding the 
cooling operation. 

In addition, the conventional HFC134a refriger- 
ant circulating system is disadvantageous in the fol- 
lowing points: In servicing the system for instance by 
repairing or replacing the components of the system, 
because of the high hygroscopicity of the refrigerat- 
ing machine oil the water content of air is adsorbed on 
the refrigerating machine oil, so that the capillary 
tube or the expansion valve of the throttle mechanism 
is liable to be closed being f reezed. In addition, the 
water content accelerates the hydrolysis of the ester 
oil, thus forming sludge. Furthermore, the water con- 
tent accelerates the hydrolysis of polyethylene ter- 
ephthalate employed as the insulating material of the 
motor, thus forming sludge. In order to eliminate the 
above-described difficulties accompanying the man- 
ufacture of the refrigerant circulating system or the 
service on it, it is necessary to more sufficiently re- 
move the water content from the refrigerating ma- 
chine oil and from the refrigerant cycling system than 
in the system using a CFC12 refrigerant. In addition, 
it is necessary to provide a drier in the refrigerant cy- 
cling system so as to complement the water content. 

If a refrigerant is used together with a highly solu- 
ble refrigerating oil, the amount of the refrigerant that 
is dissolved in the refrigerating oil will increase rap- 
idly as the temperature of the oil or the refrigerant in 
contact with it approaches the saturation point of the 
latter at the pressure of the atmosphere in which the 
refrigerating oil is placed. Since the refrigerating oil 
is diluted with a less viscous refrigerant, the above 
phenomenon will cause an extreme drop in the vis- 
cosity of the liquid being supplied to the sliding part 
and its lubrication characteristics will deteriorate to 
potentially cause seizure and other problems. 

In the case where the bottom of the compressor 
to contain a highly soluble refrigerating oil is located 
on the high-pressure side, the solubility of the refrig- 
erant will increase in the high-pressure atmosphere in 
the compressor where the areal pressure at the slid- 
ing part increases to require better lubrication charac- 
teristics and, hence, the viscosity of the liquid being 
supplied to the sliding part will drop and its lubrication 
characteristics will deteriorate to potentially cause 
seizure and other problems. Therefore, in the case 
under consideration (i.e., the bottom of the compres- 
sor to contain a highly soluble refrigerating oil is locat- 
ed on the high-pressure side), it has been common 
practice to use a viscous refrigerating oil in view of its 
dissolution under high pressure but this presents a 
problem in a low-pressure atmosphere. That is, the 
liquid to be supplied to the sliding part becomes ex- 
tremely viscous due to small dissolution of the refrig- 
erant and the mechanical loss caused by shear stress 
in the oil at the slide bearing or the like increases in 
its ratio to work of compression, leading to a lower ef- 



ficiency. 

Speaking also of the case of using a highly solu- 
ble refrigerating oil, the part of the oil which leaks out 
of the oil seal portion towards the suction side of the 

5 compression space contains a large amount of refrig- 
erant, which will be expanded and compressed again 
in the compression cycle, causing loss and subse- 
quent decrease in efficiency. 

In the case where, in the conventional refrigerant 

10 circulating system, a refrigerant mixture containing at 
least an inflammable refrigerant is employed; more 
specifically, a refrigerant mixture containing an in- 
flammable refrigerant HFC32 and nonflammable re- 
frigerants HFC125 and HFC134a, is employed, large 

15 quantities of the refrigerants of the refrigerant mix- 
ture are dissolved in the refrigerating machine oil, be- 
cause the latter is high in solubility. In this case, the 
quantities of the refrigerants dissolved in the refrig- 
erating machine oil depend on the polarities of them. 

20 Fig. 16 indicates the solubilities of HFC32, HFC125 
and HFC134a with respect to ester refrigerating ma- 
chine oil. The refrigerants HFC125 and HFC134a rel- 
atively low in polarity are dissolved in the refrigerating 
machine oil more than the refrigerant HFC32 relative- 

25 ly high in polarity. As a result, the mixing ratio of the 
refrigerant mixture in the refrigerant circulating cycle 
which is not dissolved in the refrigerating machine oil 
yet, may change into a mixing ratio with which it is in- 
flammable, because the rate of the refrigerant HFC32 

30 which is inflammable when isolated is increased with 
respect to the mixing ratio which it had before put in 
the refrigerant circulating cycle and was detected 
nonflammable. Hence, if the refrigerant mixture is 
discharged into the air by accident, and an igniting 

35 source is present near it, then it is ignited, and it may 
cause a fire. 

A conventional refrigerant circulating system us- 
ing a refrigerant mixture containing a plurality of re- 
frigerants at least one of which is inflammable, em- 

40 ploys an inflammable refrigerating machine oil. 
Hence, the system suffers from the following prob- 
lem: When, because of some failure, the refrigerant 
mixture and the refrigerating machine oil are dis- 
charged in the form of mist into the air, and there is 

45 an igniting source near them, they may be ignited; 
that is, a fire may be started. 

The term "inflammable refrigerant" as used here- 
in is intended to mean the refrigerant which, upon 
touching an igniting source, is ignited if its tempera- 

so ture is in a practical temperature range, and its mixing 
ratio with air is a predetermined value. Examples of 
the inflammable refrigerant are, for instance, HFC32 
(R32), HFC143a (R143a), HFC152a (R152a), pro- 
pane (R290), butane (R600), pentane, and ammonia 

55 (R717). On the other hand, the term "nonflammable 
refrigerant" as used herein is intended to mean the re- 
frigerant which is never ignited by an igniting source 
irrespective of its mixing ratio with air if its tempera- 
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ture is in a practical temperature range. In the above- 
described definitions, the practical temperature 
range is from -40°C to +1G0°C. 

SUMMARY OF THE INVENTION 

Accordingly, an object of this invention is to solve 
the above-described problems accompanying a con- 
ventional refrigerant circulating system. More specif- 
ically, an object of the invention is to provide a refrig- 
erant circulating system which is high both in electri- 
cal insulation and in moisture resistance, and which 
is high in reliability with the manufacture of the sys- 
tem and the service on it controlled to the convention- 
al level. 

Another object of the invention is to eliminate the 
above-described difficulty. More specifically, the ob- 
ject of the invention is to provide a refrigerant circu- 
lating system high in safety which is so designed that, 
even when the refrigerant is discharged into the air by 
accident and there is an igniting source near it, it is 
never ignited; that is, no fire is started thereby. 

The invention also provides a refrigerant circulat- 
ing system that will not allow the refrigerant or oil to 
be stagnant in any unsuitable areas in the system. 

When using a hydrofluorocarbon- based refriger- 
ant such as HFC134a or a refrigerant that is based on 
fluoroamine, fluoroether, fluoropropane, fluoro- 
ethane, fluorosilane or fluorosulfur, the refrigerant 
circulating system of the invention employs a refrig- 
erating oil that has such a solubility that the weight 
factor of its dissolution in a liquid refrigerant is 0.5 to 
7% under the condensing pressure and temperature 
conditions. 

The refrigerant to be used in the invention is a 
mixture of refrigerants including an inflammable one. 

The refrigerating oil to be used in the invention 
has a smaller specific gravity than said liquid refrig- 
erant. 

The refrigerating oil to be used in the invention is 
based on at least one member of the group consisting 
of aikylbenzenes, poly-a-olefins, paraffinic oils, 
naphthenic oils, polyphenylethers, polyphenylth- 
ioethers, and chlorinated paraffins. 

The refrigerant to be used in the invention is a 
mixture of norvazeotropic refrigerants. 

The refrigerating oil to be used in the present in- 
vention is such that, at least in the range of ambient 
temperatures for the use of the refrigerant circulating 
system, it assumes a smaller value of specific gravity 
than that of the liquid refrigerant as measured at the 
same temperature under the corresponding saturat- 
ed vapor pressure, and the refrigerant is a non-azeo- 
tropic mixed refrigerant. 

The accumulator as a part of the refrigerant cir- 
culating system of the invention has a lead-out pipe 
that leads the refrigerant out of the accumulator and 
which has a plurality of holes that are different in 



height as measured from the bottom of the accumu- 
lator. 

The system of the invention is provided with a 
backf low preventing mechanism either between the 

5 evaporator and said compressor, or between a four- 
way valve in the system and a pipe connected to the 
suction side of the compressor, or between said ac- 
cumulator and said pipe connected to the suction side 
of the compressor. 

10 The refrigerating oil to be used in the invention 

has a greater specific gravity than the liquid refriger- 
ant. 

The specific gravity of the refrigerating oil to be 
used in the invention is such that, in the temperature 
15 range of -20°C to +60°C, it assumes a greater value 
than the specific gravity of the liquid refrigerant as 
measured at the same temperature under the corre- 
sponding saturated vapor pressure. 

The refrigerating oil to be used in the invention is 
20 based on a chlorofluorocarbon polymer (CIFC) or a 
perfluorocarbon polymer (FC) or a perfluoroalkylpo- 
lyether or a modified silicone or a chlorinated aromat- 
ic compound. 

The refrigerant to be used in the invention is a 
25 mixture of refrigerants at least one of which is inflam- 
mable. 

In the invention, the bottom of the compressor to 
contain the refrigerating oil or said separate tank is lo- 
cated on the high-pressure side of said compressor or 

30 said refrigerant circulating system. 

In the invention, means for separating the refrig- 
erating oil having a greater specific gravity than the 
gaseous refrigerant is incorporated in said compres- 
sor so that the weight factor of the presence of the re- 

35 f rigerating oil being discharged from said compressor 
as part of the high-pressure gaseous refrigerant is no 
higher than the weight factor of dissolution of the re- 
frigerating oil in the liquid refrigerant under the con- 
densing pressure and temperature conditions. 

40 In the invention, an oil separator is connected to 

the discharge side of the compressor. 

In the invention, the refrigerating oil has no solu- 
bility or only slight solubility such that the weight fac- 
tor of its dissolution in the liquid refrigerant under the 

45 evaporating pressure and temperature conditions is 0 
to 2%. 

The system of the invention comprises the inter- 
connection of: a compressor that draws in a gaseous 
refrigerant optionally containing a liquid refrigerant 

so while discharging it as a high-pressure gaseous re- 
frigerant; a throttle mechanism for reducing the pres- 
sure of a liquid refrigerant optionally containing a gas- 
eous refrigerant; a condenser for condensing the 
high-pressure gaseous refrigerant discharged from 

55 said compressor, and an evaporator for vaporizing 
the liquid refrigerant or gas-liquid phase refrigerant 
leaving said throttle mechanism, and in which system 
a refrigerating oil for performing the function of lubri- 
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cation, sealing or the like is contained either within 
said compressor provided in said system or in a sep- 
arate tank or the like, part or all of said refrigerating 
oil being exposed to the refrigerant atmosphere, and 
the system is characterized in that the refrigerant is a 
mixture of HFC32, HFC125 and HFC134a, that said 
refrigerating oil has such a solubility that the weight 
factor of dissolution thereof in the liquid refrigerant is 
0.5 to 7% under the condensing pressure and temper- 
ature conditions, and that said refrigerating oil has a 
smaller value of specific gravity than said liquid refrig- 
erant. 

The refrigerant to be used in the invention is a 
non-azeotropic mixed refrigerant based on either a 
hydrofluorocarbon or at least one member of the 
group consisting of f luoroamine, f luoroether, f luoro- 
propane, fluoroethane, fluorosilane or fluorosulfur, 
and the refrigerating oil is lighter than the liquid refrig- 
erant and dissolves only slightly in the latter. 

In the invention, a maximum of the temperature 
for separation into two layers, one being the refriger- 
ant and the other being the refrigerating oil, is equal 
to or higher than the condensing temperature. 

The invention uses a refrigerating oil having a 
saturated moisture content of no more than 300 ppM. 

In the invention, a highly polar refrigerant is used 
in combination with an oil having low polarity to such 
an extent that it will not dissolve in an amount of more 
than 7% but will dissolve in an amount of 0.5 to 7%, 
and this contributes to the fabrication of a refrigerant 
circulating system that has low moisture absorption 
and which features effective oil return. 

In the invention, a refrigerant that is inflammable 
when used alone is mixed with a nonflammable refrig- 
erant and, further, on account of very slight oil disso- 
lution, the mixed refrigerant will not vary in composi- 
tion to become inflammable. 

The refrigerating oil to be used in the invention is 
lighter than the liquid refrigerant and may be com- 
posed of a substance of high atomic weight; hence, 
the oil can be produced at low cost. 

Refrigerating oils that are based on alkylben- 
zenes, poly-a-olefins, paraffinicoils, naphthenicoils, 
polyphenylethers, polyphenylthioethers, or chlorinat- 
ed paraffins have high viscosities at elevated pres- 
sures, provide high reliability in the sliding part and 
exhibit high chemical stability. They are advanta- 
geously combined with refrigerants having no atom of 
a good extreme- pressure property such as chlorine, 
which are poor in self-lubricating property. 

The use of a non-azeotropic mixed refrigerant 
permits only limited transfer of the refrigerant into the 
compressor during prolonged system shutdown. 

The accumulator having a plurality of oil return 
holes enables the recovery of the oil that has been 
separated within the accumulator. 

Since the check valve is provided on the suction 
pipe, there is no possibility that the low-viscosity liq- 



uid refrigerant which has been separated within the 
compressor will leak to the low-pressure side to 
cause performance deterioration. 

The oil having a greater specific gravity than the 

5 liquid refrigerant has the advantage that it is easily re- 
turned from the accumulator. 

The refrigerant circulating system of the inven- 
tion has another advantage in that even if the refrig- 
erant is released into the air atmosphere on account 

10 of a certain trouble or the like and even if there is an 
ignitable heat source nearby, the refrigerant will not 
catch fire and, as a result, one can avoid hazards 
such as the occurrence of a disastrous fire. 

The system has the oil reservoir located on the 

15 high-pressure side or the oil separating means or oil 
separator is provided in the compressor and, hence, 
the carryover of the oil into the circuit can be sup- 
pressed. 

A maximum of the temperature for separation 
20 into two layers, one being the refrigerating oil and the 
other being the liquid refrigerant, is equal to or higher 
than the condensing temperature. The use of such re- 
frigerating oil having low solubility assures that only 
a small amount of the refrigerant will dissolve in the 
25 refrigerating oil even if the temperature of the refrig- 
erating oil or the refrigerant in contact with it ap- 
proaches the saturated temperature of the refrigerant 
at the pressure of the atmosphere in which the refrig- 
erating oil is placed. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory diagram showing the ar- 
rangement of a refrigerant circulating system which 
35 constitutes a first embodiment of this invention. 

Fig. 2 is a graphical representation showing the 
percent solubility by weight of a refrigerating oil in a 
liquid refrigerant in the first embodiment 

Fig. 3 is an explanatory diagram showing the ar- 
40 rangement of a refrigerant circulating system which 
constitutes a second embodiment of the invention. 

Fig. 4 is an explanatory diagram showing the ar- 
rangement of a refrigerant circulating system which 
constitutes a third embodiment of the invention. 
45 Fig. 5 is an explanatory diagram showing the ar- 

rangement of a refrigerant circulating system which 
constitutes a fourth embodiment of the invention. 

Fig. 6 is an explanatory diagram showing the ar- 
rangement of a refrigerant circulating system which 
50 constitutes a fifth embodiment of the invention. 

Fig. 7 is an explanatory diagram showing the ar- 
rangement of a refrigerant circulating system which 
constitutes a sixth embodiment of the invention. 

Fig. 8 is an explanatory diagram showing the ar- 
55 rangement of a refrigerant circulating system which 
constitutes a seventh embodiment of the invention. 

Fig. 9 is an explanatory diagram showing the ar- 
rangement of a refrigerant circulating system which 
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constitutes a eighth embodiment of the invention. 

Fig. 10 is an explanatory diagram showing the ar- 
rangement of a refrigerant circulating system which 
constitutes a ninth embodiment of the invention. 

Fig. 11 is an explanatory diagram showing the ar- 
rangement of a refrigerant circulating system which 
constitutes a tenth embodiment of the invention. 

Fig. 12 is a graphical representation showing the 
percent transfer characteristics of two mixed refriger- 
ant systems into the compressor. 

Fig. 1 3 is an illustration showing how a mixed re- 
frigerant is transferred from the high-temperature to 
the low-temperature side. 

Fig. 14 is an explanatory diagram showing the ar- 
rangement of an example of a conventional refriger- 
ant circulating system. 

Fig. 15 is an explanatory diagram showing the ar- 
rangement of another example of the conventional re- 
frigerant circulating system. 

Fig. 16 is a graphical representation showing the 
percent solubility by weight of a refrigerant in a lubri- 
cating oil in the example shown in Fig. 15. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

A first embodiment of this invention will be descri- 
bed with reference to Figs. 1 and 2. Fig. 1 is an expla- 
natory diagram showing the arrangement of a refrig- 
erant circulating system which is applicable, for in- 
stance, to a small capacity air conditioner. In Fig. 1, 
reference numeral 1 designates a compressor for 
compressing refrigerant gas; 2, a condenser for con- 
densing a high pressure refrigerant gas discharged 
from the compressor 1 ; 3, a throttle mechanism; 4, an 
evaporator; 5, a 4-way valve having a function of re- 
versing the direction of flow of a refrigerant; and 6, a 
refrigerating machine oil kept in the compressor 1 to 
lubricate the slide parts of the compressor 1 and to 
seal the compressing chamber thereof. Fig. 2 is a 
graphical representation indicating the dissolving per- 
centages by weight of a refrigerating machine oil alkyl 
benzene with a liquid refrigerant HFC134a in the em- 
bodiment That is. it has a solubility of 0.5 to 7% by 
weight with the liquid refrigerant in the condenser, 
and 0 to 2% by weight with the liquid refrigerant in the 
evaporator. 

Now, the behaviors of the refrigerant and the oil 
will be described. A part of the refrigerating machine 
oil used for sealing the compressing chamber is 
mixed with the refrigerant compressed by the com- 
pressor 1 , thus being discharged from the latter 1 into 
the condenser 2. In the condenser 2, the pipe in which 
a refrigerant gas flows is so determined in diameter 
that the flow rate of the refrigerant gas is high enough 
to convey the refrigerating machine oil downstream. 



In the condenser 2, the refrigerant is condensed on 
the inner surface of the pipe. The refrigerant thus con- 
densed is larger in thickness towards downstream, 
and therefore, in the pipe, the central space in which 

5 the gas flows is decreased accordingly. Hence, the 
flow rate of the gas is gradually decreased, and its 
limited flow rate is maintained which is high enough 
to convey the refrigerating machine oil and the refrig- 
erant liquid condensed on the inner surface of the 

10 pipe downstream. Near the rear end of the pipe in the 
condenser 2, a larger part of the refrigerant is liqui- 
fied, as a result of which the flow rate in the pipe is 
greatly decreased: However, since the solubility of 
the refrigerating machine oil with the condensed liq- 

15 uid refrigerant is low, the refrigerating machine oil is 
conveyed downstream being dissolved in the liquid 
refrigerant At the inlet of the throttle mechanism 3, 
the refrigerant is substantially liquified, and the refrig- 
erating machine oil low in solubility is conveyed 

20 downstream together with the liquid refrigerant. Flow- 
ing downstream of the throttle mechanism 3, the re- 
frigerant is greatly decreased both in temperature 
and in pressure, and therefore the refrigerating ma- 
chine oil is slightly soluble with the liquid refrigerant, 

25 or non-soluble with it. 

On the other hand, because of gasification of a 
part of the liquid refrigerant which is located down- 
stream of the throttle mechanism 3, the flow rate of 
the refrigerant is abruptly increased, and the ref riger- 

30 ating machine oil is conveyed downstream. In the 
evaporator 4, the pipe is so determined in diameter 
that the refrigerant gas formed by the pressure drop 
of the throttle mechanism sufficiently conveys the liq- 
uid refrigerant and the refrigerating machine oil 

35 downstream. Hence, in spite of the non-solubility or 
low solubility of the refrigerating machine oil with the 
liquid refrigerant, the refrigerating machine oil is con- 
veyed downstream. In the evaporator 4, the refriger- 
ant is gasified as it flows downstream; that is, the flow 

40 rate of the refrigerant gas is increased. As a result, 
with the flow rate of the refrigerant gas maintained 
much higher than the limited flow rate which is re- 
quired for conveyance of the refrigerating machine 
oil, the refrigerant is absorbed into the compressor 1, 

45 and the refrigerating machine oil thus conveyed 
meets the refrigerating machine oil 6 kept in the bot- 
tom of the compressor 1. 

Hence, the refrigerating machine oil 6 is main- 
tained in the compressor 1 at all times, thus lubricat- 

50 ing and sealing the latter sufficiently. 

In the refrigerant circulating system constructed 
as described above, a refrigerant essentially contain- 
ing hydrofluorocarbon, and a refrigerating machine 
oil essentially containing alkyl benzene or polyal- 

55 phaolef in may be used. Therefore, in the system, the 
refrigerating machine oil is substantially equal in hy- 
groscopicity and electrical insulation to the mineral oil 
in the conventional refrigerating system. In addition, 
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in assembling the refrigerant circulating system and 
in servicing it, the moisture control may be made sim- 
ilarly as in the case of the conventional refrigerant cir- 
culating system using the refrigerant CFC12. 

Control means, namely, the 4-way valve is pro- 
vided in a connecting section where a connecting 
pipe provided between the evaporator and the com- 
pressor, and a connecting pipe provided between the 
compressor and the condenser are collected. By 
switching the flow paths in the 4-way valve, the direc- 
tion of circulation of the refrigerant can be reversed, 
and the functions of the evaporator and the condens- 
er can be swapped with each other. 

The refrigerant circulating system of the inven- 
tion designed as described above mainly uses a re- 
frigerant which essentially contains hydrofluorocar- 
bon, and a refrigerating machine oil which shows sol- 
ubility with a liquid refrigerant when condensed and 
non-solubility or low solubility when evaporated. 
Therefore, the system is high in electrical insulation 
and in moisture resistance, and is high in reliability 
since the oil is smoothly returned into the compres- 
sor. 

The compressor in refrigerant circulating sys- 
tems generally has a refrigerating oil carried over into 
the refrigerant circuit in an amount of at least 0.5% by 
weight of the circulating refrigerant. Therefore, if the 
refrigerating oil used is such that the weight factor of 
dissolution in a liquid refrigerant is 0.5% or less under 
the condensing pressure and temperature conditions, 
the excess refrigerating oil which cannot dissolve in 
the liquid refrigerant will stay near the rear end of the 
pipe through the condenser in which the refrigerant is 
liquefied to flow at a very slow rate and, as a result, 
the refrigerating oil will be depleted in the compres- 
sion space. 

When using refrigerants of high polarity such as 
hydrofluorocarbons, one must also use refrigerating 
oils of high polarity in order to insure good solubility 
between the two components so that the refrigerat- 
ing oils will not stay in the liquid refrigerant near the 
rear end of the pipe through the condenser. However, 
refrigerating oils of high polarity which have solubili- 
ties of at least 7% are so high in their ability to absorb 
moisture that there is high likelihood for the refriger- 
ating oils to be carried over in large amounts into the 
refrigerating circuit, which can potentially deteriorate 
electrical insulation or impair the chemical stability of 
refrigerants, refrigerating oils and even the insulator 
used in the motor. 

The present invention has been accomplished in 
order to solve these problems of the prior art and it is 
characterized by using a refrigerating oil having such 
a solubility that the weight factor of dissolution in a liq- 
uid refrigerant is in a range of 0.5 to 7% under the con- 
densing pressure and temperature conditions. In the 
invention, the refrigerating oil that has been carried 
over from the compressor into the refrigerant circuit 



can positively be returned into the compressor. As a 
further advantage, the refrigerating oil is low in mois- 
ture absorption and contributes to the production of 
a highly reliable refrigerant circulating system. 

5 The area in the system where there is the possi- 

bility for the stagnancy of the refrigerating oil to occur 
is the piping that extends from part of the condenser 
(usually in the second half and on the side much clos- 
er to the exit but if the circulation of the refrigerant is 

10 low, it may sometimes occur that the sole presence 
of the liquid already starts in areas fairly upstream the 
condenser) to the throttle and there has been poten- 
tial hazard of oil depletion in the compressor in the 
case where its oil content decreases and where the 

15 length of the piping from the exit of the condenser to 
the throttle is great. 

The condensing pressure is determined by the 
condensing temperature condition and the refrigerant 
characteristics. The condensing temperature is deter- 

20 mined not only by the temperature of the atmosphere 
where the condenser of the refrigerant circulating 
system of interest is placed but also by the balance 
between the performance (heat-exchange efficien- 
cy) of the condenser and the latent heat of the ref rig- 

25 erant. 

For example, refrigerators typically are used in 
atmospheres having temperatures of 0 to 45°C and, 
in that case, the condensing temperature (depending 
on the performance of the condenser in the ref riger- 

30 ator) is 0°C to 15°C at an atmosphere's temperature 
of 0°C and 45°C to 68°C at an atmosphere's temper- 
ature of 45°C. On the other hand, the condensing 
pressure in that case is determined by the character- 
istics of the refrigerant used; if R134a is used as the 

35 refrigerant the condensing pressure is 1 .96 kg/cm 2 G 
at a condensing temperature of 0°C and 19.6 
kg/cm 2 G at a condensing temperature of 68°C. 

Whether the polarity is high or low is a matter of 
relativism. In the context of the invention, hydrofluor- 

40 ocarbons and "third generation" refrigerants such as 
fluoroamine, fluoroether, fluoropropane, fluoro- 
ethane, fluorosilane and fluorosulfur are more polar 
than CFC12 or HCFC22. As for refrigerating oils, al- 
kylbenzenes, po!y-a-olefins, etc., are less polar than 

45 ester oils and PAG in the prior art 

Speaking of the ease of dissolution generally, 
any two substances having high polarity or low polar- 
ity are highly soluble in each other. Hence, hydro- 
fluorocarbons of comparatively high polarity will dis- 

so solve only ester oils, PAG and like substances having 
high polarity. Water is a substance of comparatively 
high polarity and, accordingly, it will readily dissolve 
in ester oils and PAG which also have high polarity. 
In other words, oils that will easily dissolve in hydro- 

55 fluorocarbons have great ability to absorb moisture. 
Conversely, oils that will not easily dissolve in hydro- 
fluorocarbons have small ability to absorb moisture. 
When using refrigerants of high polarity such as 
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hydrof luorocarbons, one must also use refrigerating 
oils of high polarity in order to insure good solubility 
between the two components so that the refrigerat- 
ing oils will not stay in the liquid refrigerant near the 
rear end of the pipe through the condenser. However, 
refrigerating oils of high polarity which have solubili- 
ties of at least 7% are so high in their ability to absorb 
moisture that there is high likelihood for the refriger- 
ating oils to be carried over in large amounts into the 
refrigerant circuit, which can potentially deteriorate 
electrical insulation or impair the chemical stability of 
refrigerants, refrigerating oils and even the insulator 
used in the motor. 

Speaking of polarity, a certain substance is said 
to have polarity if the center of gravity of a positive 
charge in the molecule does not agree with that of a 
negative charge. A certain chemical bond also is said 
to have polarity if there is uneven ness in positive or 
negative charges. Electric polarity is generally meant 
by the term "polarity". With polarity, there is high prob- 
ability for easy access to ions of opposite sign or 
atoms of polar bond, thereby causing effects on ad- 
sorption, reaction rate, dielectric constant, etc. 

As already mentioned, hydrofluorocarbons 
(HFC) or refrigerants such as f luoroamine, fluoroeth- 
er, fluoropropane, fluoroethane, fluorosilane and flu- 
orosulfur are promising refrigerants that could re- 
place CFC12 and HCFC22 which are on the list of ma- 
terials that need be used less or totally disused in view 
of the environmental problems they have caused. Hy- 
drofluorocarbons generally are more polar than 
CFC12 and HCFC22 and refrigerating oils that have 
low solubility with hydrofluorocarbons are generally 
low in polarity. Hence, those refrigerating oils which 
are low in solubility with refrigerants having high po- 
larity such as hydrofluorocarbons are hard to adsorb 
moisture having high polarity. As a result, the carry- 
over of moisture into the refrigerant circulating sys- 
tem is suppressed and there is less likelihood for de- 
terioration not only in electrical insulation but also in 
hydrolyzable materials such as those organic materi- 
als which are used in the compressor, whereby one 
can prevent deterioration in the performance of the 
refrigerant circulating system which would otherwise 
occur if the deteriorated materials accumulated in the 
throttle mechanism. 

Hydrofluorocarbons (HFC) are promising refrig- 
erants that could replace CFC12 and HCFC22 which 
are on the list of materials that need be used less or 
totally disused in view of the environmental problems 
they have caused. However, such hydrofluorocar- 
bons do not contain chlorine atoms in the molecule, 
so unlike CFC12 and HCFC22 which have chlorine 
molecules, they are not expected to offer such as ad- 
vantage that the sliding part of the compressor which 
is placed under boundary lubrication conditions forms 
a compound such as iron chloride on the metal sur- 
face, thereby improving in wear resistance. 



Further, ester oils having high solubility with hy- 
drofluorocarbons have low extreme pressure quality 
(high-pressure viscosity index) and, hence, increase 
the chance for the sliding part of the compressor to be 
5 subjected to the boundary lubrication conditions, as 
compared to paraff inic or naphthenicoils which have 
heretofore been employed in the refrigerant circulat- 
ing system that uses CFC1 2 or HCFC22 as the refrig- 
erant. 

10 Therefore, refrigerant circulating systems that 

use hydrofluorocarbons as refrigerants, particularly 
in the case where soluble ester oils are employed as 
refrigerating oils, have encountered a problem with 
the wear resistance of the sliding part of the compres- 

15 SOT. 

The present invention has been described above 
with reference to an example that relates to the use 
of a hydrof luorocarbon-based single or mixed refrig- 
erant, it should, however, be noted that when estimat- 

20 ed from their molecular structures, "third generation 
refrigerants" including f luoroamine, fluoroether, fluo- 
ropropane, fluoroethane, fluorosilane and fluorosul- 
fur are all considered to have high polarity, too, and 
that they are anticipated to exhibit comparable ac- 

25 tions and advantages to hydrofluorocarbons. 

Further, the refrigerant circulating system of the 
invention uses a refrigerating oil having low solubility 
with refrigerants and, hence, the oil is low in polarity 
and hard to adsorb moisture having high polarity; 

30 therefore, it effectively prevents not only the deterior- 
ation in electrical insulation but also the drop in the 
performance of the system due to the accumulation 
of deteriorated materials in the throttle mechanism. 
The refrigerant circulating system of the inven- 

35 tion which uses the refrigerating oil having low solu- 
bility offers another advantage in that the viscosity of 
the liquid being supplied to the sliding part is main- 
tained at a sufficiently high level to reduce the chance 
of seizure and other troubles in the sliding part, there- 

40 by improving the reliability of the system. 

Embodiment 2 

A second embodiment of the invention wi II be de- 
45 scribed with reference to Fig. 3. Fig. 3 shows an ex- 
ample of a refrigerant circulating system which is ap- 
plicable, for instance, to a large capacity air condition- 
er. In Fig. 3, reference numeral 1 designates a com- 
pressor for compressing a refrigerant gas; 2, a con- 
50 denser for condensing a high-pressure refrigerant 
gas discharged from the compressor 1; 3, a capillary 
tube; 4, an evaporator; 8, a refrigerant liquid pooling 
accumulator having a function of adjusting the quan- 
tity of refrigerant; 6, a refrigerating machine oil kept 
55 in the compressor 1 to lubricate the sliding parts of the 
compressor 1 and to seal the compressing chamber 
thereof; and 5, a 4-way valve for reversing the direc- 
tion of flow of the refrigerant. 
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When a refrigerating machine oil 6c is at the 
evaporating pressure and at the evaporating temper- 
ature, it shows no solubility with a liquid refrigerant 7a 
or is low in solubility. Therefore, a layer of refrigerat- 
ing machine oil 6c is formed over the liquid refrigerant 
7a. A lead-out pipe 81 is provided inside the accumu- 
lator 8, to move the refrigerant out of the accumulator 
8. The lead-out pipe 81 has oil returning holes 82a, 
82b, 82c and 82d different in height as measured 
from the bottom 8a of the accumulator 8, so that the 
refrigerating machine oil 6c in the accumulator 8 is 
positively returned into the compressor 1 . 

Embodtment3 

A third embodiment of the invention will be descri- 
bed with reference to Fig. 4. Fig. 4 is an explanatory 
diagram showing the arrangement of a refrigerant cir- 
culating system which is applicable, for instant, to an 
air conditioner which is installed on a window of a 
room with its inside and outside parts as one unit In 
the embodiment, the refrigerant pressurized by the 
compressing mechanism 1 of a compressor 1 is dis- 
charged into the closed container 11 of the compres- 
sor 1, and then led out of it through a discharge pipe 
14. Hence, the refrigerating machine oil 6 stored in 
the bottom of the compressor 1 is in a refrigerant 
space on the high pressure side, and the refrigerating 
machine oil contained in the discharged refrigerant 
gas drops by its own weight while moving from the 
closed container to the discharge pipe 14. According- 
ly, the mixing percentage of the refrigerating machine 
oil in the refrigerant gas discharged through the dis- 
charge pipe 14 is extremely low, and its solubility is 
lower than the solubility of the refrigerating machine 
oil with the liquid refrigerant at the condensing pres- 
sure. Therefore, the refrigerating machine oil dis- 
charged from the compressor 1 is positively returned 
into the latter 1. 

The refrigerant circulating system of the inven- 
tion insures that the refrigerating oil which is used for 
compressor lubrication, sealing and other purposes 
will flow out in small quantities to the condenser, 
throttle mechanism and evaporator; at the same time, 
the compressor will discharge only a limited amount 
of oil and, hence, the refrigerating oil that has flowed 
out can positively be returned to the compressor, 
thereby preventing the drop in the heat-exchange ef- 
ficiency of the condenser and the evaporator. 

Thus, even in the case where the bottom of the 
compressor to contain refrigerating oils is located on 
the high-pressure side, the use of less soluble refrig- 
erating oil solves the aforementioned problem of the 
prior art since there occurs only a small change in vis- 
cosity due to the difference in the solubility of the re- 
frigerant in the oil. Therefore, by selecting an appro- 
priate viscosity for the lubricating oil, not only the re- 
liability of the sliding part of the compressor in the 



case where the atmosphere in which the oil is placed 
has high pressure but also the efficiency in the case 
of low pressure are assured. 

5 Embodiment 4 

A fourth embodiment of the invention will be de- 
scribed with reference to Fig. 5. Fig. 5 is an explana- 
tory diagram showing the arrangement of a ref riger- 

10 ant circulating system which is applicable, for in- 
stance, to a refrigerator. In Fig. 5, reference numeral 
9 designates a check valve which is connected be- 
tween a compressor 1 and an evaporator 4. The re- 
frigerant and the refrigerating machine oil are sub- 

15 stantially separated from each other, and therefore 
the viscosity of the refrigerant only is lower than that 
of the refrigerant in which the refrigerating machine 
oil is dissolved. Hence, when the compressor 1 is not 
in operation, the refrigerant not mixed is low in viscos- 

20 ity, and high in fluidity, and therefore a larger part of 
the liquid refrigerant 7a collected above the refriger- 
ating machine oil 6a by separation is allowed to flow 
back to the evaporator 4 through the gaps of the slid- 
ing parts in the compressor 1 . As a result, the temper- 

25 ature of the evaporator 4 is increased, and the power 
consumption of the refrigerator is increased. In order 
to eliminate this difficulty, the check valve 9 is em- 
ployed. That is, the check valve 9 is connected be- 
tween the compressor 1 and the evaporator 4 to sup- 

30 press the back flow of the refrigerant, thereby to pre- 
vent the rise in temperature of the evaporator 4. It 
goes without saying that the check valve 9 may be re- 
placed with any means for preventing the back flow 
of the refrigerant. 

35 

Embodiment 5 

Af ifth embodiment of the invention will be descri- 
bed with reference to Fig. 6. Fig. 6 is an explanatory 

40 diagram showing the arrangement of a refrigerant cir- 
culating system which is applicable., for instance, to 
an air conditioner used only for cooling a room. The 
refrigerant pressurized by the compressing mecha- 
nism 3 of a compressor 1 is discharged into the closed 

45 container 11 thereof, and then led out of the compres- 
sor 1 through a discharge pipe 14. The refrigerant gas 
inlet end 14a of the discharge pipe 14 is confronted 
with the center of a rotary fan 16 which is mounted on 
the upper end of the rotor 12a of an electric motor 1 2. 

so At the refrigerant gas inlet end, the refrigerating ma- 
chine oil larger in specific gravity is scattered around 
by the centrifugal force. Hence, the mixing percen- 
tage of the refrigerating machine oil in the refrigerant 
gas discharged through the discharge pipe 14a is ex- 

55 tremely low, and its solubility is much lower than the 
solubility of the refrigerating machine oil with the liq- 
uid refrigerant at the condensing pressure. Therefore, 
the refrigerating machine oil discharged from the 

10 
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compressor 1 is positively returned into the latter 1. 
Embodiment 6 

A sixth embodiment of the invention will be de- 5 
scribed with reference to Fig. 7. Fig. 7 is an explana- 
tory diagram showing the arrangement of a refriger- 
ant circulating system which is applicable, for in- 
stance, to a refrigerator. When the refrigerant gas dis- 
charged from a compressor 1 is conveyed through an 1 o 
oil separator 20 to a pipe connected to a condenser 
2, the refrigerating machine oil is separated from it by 
means of nets 83 provided in the oil separator 20. The 
refrigerating machine oil thus separated is sucked to 
return through an oil returning pipe 21 extended from 15 
the oil separator and through a suction pipe 15 to the 
compressor 1, thus positively lubricating and sealing 
the compressor 1 . The mixing percentage of the re- 
frigerating machine oil in the refrigerant gas which 
goes into the condenser 2 is extremely low, and its 20 
solubility is lower than that of the refrigerating ma- 
chine oil with the liquid refrigerant at the condensing 
pressure. Therefore, the system is free from the dif- 
ficulty that the refrigerating machine oil is held up- 
stream of the throttle mechanism, thus adversely af- 25 
fecting the operation of the system. The net may be 
so provided as to surround the end portion of the dis- 
charge pipe 14 in the oil separator 20. 

The refrigerating machine oil 6 in the bottom of 
the compressor 1 is held under the evaporating pres- 30 
sure, and the oil 6 and the refrigerating machine oil 
6c in an accumulator 8 are scarcely dissolved in the 
liquid refrigerant. However, since the specific weight 
of the liquid refrigerant 7a is substantially equal to that 
of the refrigerating machine oil 6c, they are mixed 35 
substantially equally. Hence, even when a large 
quantity of liquid refrigerant 7a is collected in the ac- 
cumulator 8, the refrigerating machine oil is positively 
returned through the oil returning hole 82 of the lead- 
out pipe 81 into the compressor 1. In the case where 40 
the liquid refrigerant 7a is returned into the compres- 
sor 1, since the refrigerating machine oil 6 collected 
therein and the liquid refrigerant 7a are mixed sub- 
stantially equally, the system is free from the difficul- 
ty that only the liquid refrigerant 7a is sucked up 45 
through an oil sucking hole 17 formed in the lowest 
end portion of the compressor; that is t the refrigerat- 
ing machine coil corresponding to the mixing percen- 
tage is sucked up, thus lubricating and sealing the 
compressor. 50 

Embodiment 7 

Aseventh embodiment of the invention will be de- 
scribed with reference to Fig. 8. Fig. 8 is an explana- 55 
tory diagram showing the arrangement of a refriger- 
ant circulating system which is applicable, for in- 
stance, to an air conditioner. The refrigerating ma- 
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chine oil 6, such as chlorofluoro-carbon, in a com- 
pressor 1 is under the evaporating pressure, and the 
oil 6 and the refrigerating machine oil 6c in an accu- 
mulator 8 are scarcely dissolved in a liquid refrigerant 
such as HFC134a. The specific weight of the refrig- 
erating machine oils 6 and 6c is 1.9 times as large as 
that of the liquid refrigerant 7a. Therefore, the refrig- 
erating machine oil (6 and 6c) is kept in the form of a 
layer in the bottom of the accumulator in such a man- 
ner that the layer is separated from a layer of liquid 
refrigerant 7a. Hence, even when a large quantity of 
liquid refrigerant 7a is collected in the accumulator 8, 
the refrigerating machine oil is positively returned 
through the oil returning hole 82 of a lead-out pipe 81 
into the compressor 1. In the case where the liquid re- 
frigerant 7a is returned into the compressor 1, it is 
stored in the form of a layer above a layer of refriger- 
ating machine oil 6 kept therein. Therefore, only the 
refrigerating machine oil is sucked up through an oil 
sucking hole 17 in the lowest end portion of the com- 
pressor, thus lubricating and sealing the latter. 

In the system, the refrigerant essentially contains 
hydrofluorocarbon, and the refrigerating machine oil 
essentially contains chlorofluorocarbon polymer, per- 
fluorocarbon polymer, per fluoroalkylpoly ether, dena- 
tured silicone, chlorinated aromatic compound. 

Embodiment 8 

An eighth embodiment of the invention will be de- 
scribed with reference to Fig. 9. 

In the case where a refrigerant mixture is em- 
ployed which contains a plurality of refrigerants at 
least one of which is inflammable; more specifically, 
in the case where a refrigerant mixture is employed 
which consists of a refrigerant HFC 32 which is flam- 
mable when isolated, and refrigerants HFC 125 and 
HFC134a which are non-flammable when isolated, a 
large quantity of refrigerant will never dissolved in the 
refrigerating machine oil, because, in the refrigerant 
circulating system of the invention, the refrigerating 
machine oil is non-soluble or slightly soluble with the 
refrigerant mixture. Hence, the mixing ratio of the re- 
frigerant mixture in the refrigerant circulating cycle 
which is not dissolved in the refrigerating machine oil 
yet, scarcely changes from the mixing ratio of the mix- 
ture which it had before put in the refrigerant circulat- 
ing cycle and was detected nonflammable, and will 
not change into the mixing ratio with which it is flam- 
mable. Therefore, even if the refrigerant mixture is 
discharged into the air by accident, and an igniting 
source is present near it, it will never be ignited, and 
according no fire is started thereby. 

Fig. 9 shows one example of a refrigerant circu- 
lating system which is applied, for instance, to an air 
conditioner. The refrigerant mixture sucked into a 
compressor 1 , after cooling an electric motor 12 in a 
closed container 1 1 , is compressed by a compressing 
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mechanism 13, and discharged through a 4-way 
valve 5 into a condenser 2. In this operation, the re- 
frigerating machine oil 6 pooled in the bottom of the 
closed container 11 is exposed to the atmosphere of 
the refrigerant mixture sucked into the compres- 
sor;however, the refrigerant mixture is scarcely dis- 
solved into the refrigerating machine oil 6, because 
the latter 6 is zero or extremely low in solubility. 

Embodiment 9 

A ninth embodiment of the invention will be de- 
scribed with reference to Fig. 10. 

In the case where a refrigerant mixture is em- 
ployed which contains a plurality of refrigerants at 
least one of which is inflammable; more specifically, 
in the case where a refrigerant mixture is employed 
which consists of a refrigerant HFC32 which is flam- 
mable when isolated, and refrigerants HFC 125 and 
HFC134a which are non-flammable when isolated, 
the refrigerant mixture are scarcely dissolved in the 
refrigerating machine oil, because, in the refrigerant 
circulating system of the invention, the refrigerating 
machine oil is non-soluble or slightly soluble with the 
refrigerant mixture. Hence, the mixing ratio of the re- 
frigerant mixture in the refrigerant circulating cycle 
which is not dissolved in the refrigerating machine oil 
yet, scarcely changes from the mixing ratio which it 
had before put in the refrigerant circulating cycle and 
was detected nonflammable, and will not change into 
the mixing ratio with which it is inflammable. Further- 
more, the refrigerating machine oil is nonflammable, 
and therefore, even if the refrigerant mixture is dis- 
charged into the air by accident, and an igniting 
source is present near it, it will never be ignited, and 
according no fire is started. 

Fig. 1 0 shows one example of a refrigerant circu- 
lating system which is applied, for instance, to an air 
conditioner. The refrigerant mixture sucked into a 
compressor 1 t after being compressed by a com- 
pressing mechanism 13 in a closed container 11, 
cools electric motor 12. Thereafter, the refrigerant 
mixture is discharged through a 4-way valve 5 into a 
condenser 2. In this operation, the refrigerating ma- 
chine oil 6 pooled in the bottom of the closed contain- 
er 11 is exposed to the atmosphere of the refrigerant 
mixture sucked into the compressor; however, the re- 
frigerant mixture is not substantially dissolved into the 
refrigerating machine oil 6, because the latter 6 is 
zero or extremely low in solubility. 

Embodiment 10 

A tenth embodiment of this invention will be de- 
scribed with reference to Fig. 13. Suppose here the 
use of a refrigerating oil that has low solubility with a 
refrigerant and which, in the range of ambient temper- 
atures for the use of the refrigerant circulating sys- 



tem, assumes a smaller value of specific gravity than 
that of a liquid refrigerant as measured at the same 
temperature under the corresponding saturated va- 
por pressure; and also suppose the use of a single re- 

5 f rigerant or a mixture of two or more refrigerants that 
form an azeotropic system. If the temperature in 
evaporator 4 or condenser 2 is higher than that in 
compressor 1 even by the slightest margin, the refrig- 
erant will be transferred into compressor 1 and a large 

10 amount of it will stay as liquid refrigerant 7a on the 
bottom of the compressor during shutdown of com- 
pressor 1. If, on the other hand, a non-azeotropic 
mixed refrigerant system is used as described herei- 
nabove, the constituent having the lower boiling point 

15 will evaporate first and the constituent of the refrig- 
erant to which the refrigerating oil in the compressor 
1 is exposed has a lower boiling point than the liquid 
refrigerant staying in the evaporator 4 or the condens- 
er 2 and, as a consequence, even if the temperature 

20 in the evaporator 4 or the condenser 2 is somewhat 
higher than the temperature in the compressor 1, 
there will be no transfer of the refrigerant towards the 
compressor 1 . Therefore, even if the circulation sys- 
tem is restarted after prolonged shutdown, only a re- 

25 stricted amount of liquid refrigerant 7a will stay on the 
bottom of the compressor and the duration of time for 
which the liquid refrigerant 7a is supplied to the sliding 
part of the compressor 1 so as to reduce the efficien- 
cy of its lubrication can be shortened. 

30 The "azeotropic mixed refrigerant" as mentioned 

hereinabove is such that the condition for the vapor 
composition of the refrigerant to become identical 
with its liquid composition exists at at least one point 
within the ranges of pressures and temperatures 

35 used. On the other hand, the "non-azeotropic mixed 
ref rigerant" is such that the condition for the vapor of 
the refrigerant to become identical with its liquid com- 
position does not exist at any point within the ranges 
of pressures and temperatures used. 

40 For the solubility between a refrigerating oil and 

a refrigerant, see JIS K2211, Appendix 3, under 
"Method of Testing Solubility with Refrigerants", 
which states as follows: "Place a sample oil and a re- 
frigerant into a test tube and hold them at room tem- 

45 perature or heat them in a hot water bath until the 
sample oil and the refrigerant mix uniformly to form 
a clear solution. Then, cool the test tube and deter- 
mine the temperature at which the solution yields two 
separate layers or at which the solution as a whole be- 

50 comes turbid. The determined temperature shall be 
designated the "temperature for separation into two 
layers" at the oil fraction of interest (the percentage 
of the sample oil in its mixture with the refrigerant in 
solution) and used as an index for evaluating the sol- 

55 ubility of the refrigerating oil with the refrigerant." 
This test is carried out within an oil fraction range of 
5 to 60 wt%. Thus, a highly soluble oil is one having 
a low value of the "temperature for separation into two 
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layers". The refrigerant circulating system that uses 
hydrof luorocarbon based refrigerants has heretofore 
employed refrigerating oils which, as typified by ester 
oils, have had solubility with refrigerants at all mixing 
ratios at least under the condensing pressure and 
temperature conditions. An oil of low solubility is one 
having a high value of the "temperature for separation 
into two layers" and, as typified by hard alkylbenzene 
oils which are employed in a refrigerant circulating 
system of the type described hereinabove which uses 
hydrofluorocarbon based refrigerants, this oil has no 
solubility at least in a certain mixing ratio over a full 
range from the condensing pressure and temperature 
conditions to the evaporating pressure and tempera- 
ture conditions. Namely, the solubility is represented 
in the case of that the maximum temperature (UCST) 
for separation into two layers of the refrigerant and 
the refrigerating oils is greater than the condensing 
temperature and the weight ratio of the refrigerating 
oils is less than 0.5% to 7% (depending on the con- 
densing temperature). 

The embodiment of the invention is described 
with reference to Fig. 12, which shows how the per- 
cent transfer into the compressor of refrigerants filled 
in refrigerant circulating systems (one using a non- 
azeotropic mixture of refrigerants HFC32, HFC125 
and HFC 1 34a and the other using an azeotropic mix- 
ture of HFC1 34a and HFC1 25) varies with the system 
shutdown time. Taken individually, HFC32 boils at - 
54.8°C, HFC 125 at-48.6°Cand HFC134aat-26.2°C. 
Since HFC32 and HFC 125 boil at much lower temper- 
atures than HFC1 34a, the gaseous refrigerant formu- 
la in the refrigerant circuit is more abundant with 
HFC 32 andHFC125 than the liquid refrigerant formu- 
la^ As a result, the gaseous refrigerant in contact with 
the refrigerating oil in the compressor has a relatively 
low boiling point and is hard to liquefy, whereby the 
transfer of the refrigerant into the compressor is sup- 
pressed. Therefore, if a non-azeotropic mixed refrig- 
erant is used, the amount of its transfer into the com- 
pressor is small even if the refrigerating oil used has 
low solubility and is smaller in specific gravity than 
the liquid refrigerant; hence, only a small amount of 
the liquid refrigerant will stay on the bottom of the 
compressor and one can shorten the duration of time 
for which the liquid refrigerant is supplied to the slid- 
ing part of the compressor so as to reduce the effi- 
ciency of its lubrication when the refrigerant circulat- 
ing system is restarted after prolonged shutdown. 

The percent transfer is expressed by the follow- 
ing: 

Percent transfer = (the amount of refrigerant trans- 
fer to the compressor)/(the amount of refrigerant fill- 
ing in the refrigerant circulating system) x 100 (%) 
The transfer is allowed to keep on by the force: 
Ap = (the pressure in the liquid refrigerant reser- 
voir in the refrigerant circuit) - (the pressure in the 
compressor) 



The presence of Ap is a prerequisite. In the equa- 
tion, pressure is determined by the characteristics of 
the refrigerant and the temperature. With a single or 
azeotropic refrigerants, refrigerants transfer is pro- 
5 moted as the following At increases: 

At = (the temperature in the liquid refrigerant re- 
servoir in the refrigerant circuit) - (the tempera- 
ture in the compressor) 
Even if At = 0, refrigerant's transfer will occur if 
10 a highly soluble refrigerating oil is used. 

Hence, there will be no transfer of the refrigerant 
if it has no solubility at all with the refrigerating oil and 
if At = 0. 

With a single or azeotropic refrigerants, their 
15 transfer will start if At > 0 and, eventually, all liquid re- 
frigerant will be transferred to the low-temperature 
side. 

With a non-azeotropic mixed refrigerant, the gas 
composition differs from the liquid composition even 

20 if At > 0 and, hence, the amount of refrigerant that is 
eventually transferred will vary with the magnitude of 
AL The amount of eventual transfer is determined by 
the difference between gas and liquid compositions 
and the foregoing description of the difference in boil- 

25 ing point was intended to explain this fact It should 
also be noted that the difference between gas and liq- 
uid compositions is affected by the species of mixed 
refrigerants, mixing ratio, liquid-gas ratio (i.e., tem- 
perature and pressure), temperature profile and the 

30 solubility of refrigerating oil. 

To take an example, a non-azeotropic 
HFC32/HFC134a mixed refrigerant is described be- 
low with reference to Fig. 13. Assume here that the 
two connected vessels are held in an atmosphere of 

35 -2.5°C. rf one of the vessels contains a liquid refrig- 
erant with an HFC32/HFC134a ratio of 25:75 in wt% 
(assuming the liquid refrigerant reservoir in the refrig- 
erant circuit), the gas composition in the other vessel 
to which the first vessel is connected (assuming the 

40 compressor) will be 46:54 in wt% for 
H FC32/HFC1 34a; since the pressures in the two ves- 
sels are equal to each other at 3.7 kg/cm^, no refrig- 
erant's transfer will occur. Then suppose that the tem- 
perature in the gas-containing vessel (i.e.. equivalent 

45 to the compressor) is reduced from -2.5°C down to - 
7.5°C. If the refrigerant were a single or azeotropic 
mixed refrigerant, it would be transferred continuous- 
ly since the pressure on the low-pressure side is al- 
ways low and, eventually, all liquid refrigerant would 

50 be transferred. In fact, however, the mixed refrigerant 
is non-azeotropic, so even if not all of the liquid refrig- 
erant is transferred, part of the gas refrigerant in the 
compressor will be liquefied and, as shown in Fig. 13, 
the pressure in the low- temperature vessel can be- 

55 come equal to that in the high-temperature vessel, 
with the HFC32/HFC1 34a ratio being 41 :59 by wt% in 
the liquid composition and 63:37 by wt% in the gas 
composition; hence, there will be no further transfer 
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of the refrigerant. One might say that refrigerant's 
transfer can also take place due to the diffusion of the 
vapor phase but the diffusion rate of the vapor phase 
is generally so slow that it is by no means significant 
for practical purposes. 

As discussed above, refrigerant* s transfer is im- 
proved irrespective of the kind of refrigerating oil as 
long as the refrigerant used is a non-azeotropic mixed 
refrigerant. It should, however, be noted that the sol- 
ubility of the refrigerating oil is also a factor to refrig- 
erant's transfer and it can be further suppressed by 
using oils having no solubility. As far as refrigerant's 
transfer is concerned, there is no difference in merit 
between heavy and light oils but oils having no solu- 
bility, especially light ones, will prove very effective 
in assuring system reliability. 

The foregoing discussion may be summarized as 
follows. 

(i) Oil having no solubility and single or azeotrop- 
ic refrigerants: All liquid refrigerant will be trans- 
ferred if At > 0 (no transfer will occur if At = 0). 

(ii) Oil having no solubility and non-azeotropic re- 
frigerants: Liquid refrigerant will be transferred if 
At > 0 but not all of it will be transferred if At is 
small. The transfer of refrigerant is further re- 
stricted compared to the case of using a soluble 
oil. 

In the embodiment, the refrigerating machine oil 
essentially contains chlorofluorocarbon polymer, or 
perf luorocarbon polymer, or perf luoroalkyl polyether. 

In the above-described embodiments, the refrig- 
erant mixture containing refrigerants HFC32, 
HFC125 and HFC134a is employed. This non-azeo- 
tropic three-refrigerant mixture is most suitable in ef- 
ficiency, performance, pressure and safety as a re- 
placement of a refrigerant HCFC 22 which is em- 
ployed mainly for air conditioners and the use of which 
is to be decreased or inhibited because of its environ- 
mental pollution. 

The refrigerant mixture containing HFC32 is 
much higher in efficiency and in performance than 
that which contains no HFC32. The refrigerant 
HFC32 is inflammable when isolated; however, it be- 
comes practically nonflammable when mixed with the 
refrigerants HFC125 or HFC134a which is nonflam- 
mable with a certain mixing ratio. Therefore, the re- 
frigerant mixture is safe. In order to further improve 
the safety of the refrigerant mixture, the percentage 
of HFC32 in it should be decreased; however, in this 
case, the efficiency is decreased as much. Hence, in 
the case where the margin of safety is maintained un- 
changed, it is preferable to use a non-soluble oil. That 
is, in the case where the non-soluble oil is employed, 
the percentage of HFC32 can be made larger than in 
the case where no non-soluble oil is employed. 
Therefore, a refrigerant mixture high in efficiency can 
be prepared. 

The system of the invention is of the technique 



that handles a replacement of the inflammable refrig- 
erant HCFC22 employed for air conditioner. For in- 
stance, the refrigerant mixture (azeotropic) contain- 
ing the inflammable refrigerant HFC143a may be 
5 used as a replacement of a refrigerant R502 which is 
employed for a refrigerating system for instance in re- 
frigerators. 

The non-flammability of a refrigerating machine 
oil can be determined according to whether or not it 

10 has a flash point specified by the flash point measur- 
ing method, JIS K2265. 

The reference for comparison of oil's specific 
gravity in the foregoing explanation is, in the case of 
a mixed refrigerant, the specific gravity of the liquid 

15 refrigerant for the composition of the mixed refriger- 
ants in the refrigerant circuit. 

It should also be mentioned that an azeotropic re- 
frigerant also exists even for a mixture containing an 
inflammable refrigerant Consider, for example, a 

20 mixture of two refrigerants, HFC143a which is inflam- 
mable and HFC125; the two refrigerants boil at dose 
temperature and are held to be azeotropic (HFC143a 
boils at -47.7°C and HFC125 boils at -48.1°C). 

The "non-azeotropic mixed refrigerant" is such 

25 that the conditions for the vapor of the refrigerant to 
become identical with its liquid composition does not 
exist at any point within the ranges of pressures and 
temperatures used. 

It should also be noted that CST (critical solubility 

30 temperature) is none other than the temperature for 
separation into two layers as specified in JIS K2211 
(p. 106). The description of the test method as speci- 
fied in JIS K2211 refers to the "oil fraction range of 5 
to 60 wt%" and this is because CST usually has a 

35 maximum value within that range. The maximum val- 
ue is designated UCST (uppermost critical solubility 
temperature). 

The refrigerant circulating system of the inven- 
tion uses a non-azeotropic mixed refrigerant and, 

40 therefore, even if one uses a refrigerating oil which, 
at least in the range of ambient temperatures for the 
use of the system, assumes a smaller value of spe- 
cific gravity than that of a liquid refrigerant as meas- 
ured at the same temperature under the correspond- 

45 ing saturated vapor pressure, he or she can shorten 
the duration of time for which the liquid refrigerant is 
supplied to the sliding part of the compressor so as to 
reduce the efficiency of its lubrication when the sys- 
tem is restarted after prolonged shutdown. 

50 In addition, the saturated moisture content of the 

refrigerating oil is held at small value, so moisture 
control that is comparable to the prior art level is suf- 
ficient to assure more-than-comparable levels of 
quality. 

55 The saturated moisture content is defined by the 

following procedure: a sample refrigerating oil is left 
to stand in air atmosphere at a temperature of 30°C 
and at a relative humidity of 85% and the change in 
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the moisture content of the oil is measured over time 
and the value which is approached infinitely by the 
measured values is designated the "saturated mois- 
ture content". 

The above-described refrigerator oils may be 
used satisfactorily as they are, without additives. 
However, their characteristics such as wear resis- 
tance, load resistance and thermal stability may be 
improved by adding one or some of the additives such 
as an oxidation inhibitor, extreme pressure additive, 
wear preventing agent, thermal stability improving 
agent, and deforming agent. 

The oxidation inhibitor is of a hinderd phenol 
group, amine group, or sulfur group. Examples of the 
oxidation inhibitor are 2, 6-di-t-butyl-4-methyl phenol; 
4, 4'-methylenebis (2, 6-di-t- butyl phenol); 2, 2'-thio- 
bis (4-methyl-6-t-butylphenol); trimethyl hydroqui- 
none; p, p'-dtactyl-diphenylamine; 3, 7-diactylphen- 
thiazine; alkylphenothiazine-1-carboxylate; phenyl- 
2-naphthylamin; 2, 6-di-t-butyl-2-dimethyl-p-cresoi; 
5-ethyl-10, 10-diphenylphenazaline, and alkyl disul- 
fide, each of which is used as much as 0.2 to 5% by 
weight. 

Examples of the extreme pressure additive and 
the wear preventing agent are ester phosphate, ester 
phosphite, alkyl- or aryl-phosphorothionate, haloge- 
no-hydrocarbon, halogenated carbonic acid, dialkyl- 
or diaryl-dithiophosphate metallic acid, dialkyldithio- 
calbamic acid metallic salt, and oil-soluble molybde- 
num sulfide containing compound, each of which is 
used as much as 1 to 30% by weight 

An example of the thermal stability improving 
agent is an epoxy compound, which is used as much 
as 0.2 to 5% by weight. 

Examples of the deforming agent are dimethyl 
polysiloxane, and carboxylic metal salt, each of which 
is used as much as 0.001 to 0.1% by weight 

The refrigerant circulating system of the inven- 
tion designed as described above mainly uses a re- 
frigerant which essentially contains hydrofluorocar- 
bon, and a refrigerating machine oil which shows 
slight solubility with a liquid refrigerant when con- 
densed and non-solubility or low solubility when 
evaporated. Therefore, the system is high in electrical 
insulation and in moisture resistance, and is high in 
reliability since the oil is smoothly returned into the 
compressor. 

In the refrigerant circulating system, the refriger- 
ant lead-out pipe extended from the accumulator has 
a plurality of oil returning holes. Therefore, a large 
quantity of refrigerating machine oil is not pooled in 
the accumulator; that is, the refrigerating machine oil 
is positively returned to the compressor, and an ex- 
cess of refrigerant can be stored depending on the 
load. 

In the system, the refrigerating machine oil of the 
compressor is held in the refrigerant space on the 
high pressure side, which reduces the mixing percen- 



tage of the refrigerating machine oil which mixes with 
the discharged gas to flow in the system. Thus, the 
system of the invention is high in reliability and excel- 
lent in heat exchange effectiveness. 

5 Furthermore, in the system, the back flow pre- 

venting mechanism for preventing the back flow of 
gas from the compressor to the evaporator is provid- 
ed between the evaporator and the compressor, 
which eliminates the difficulty that, when the com- 

10 pressor is not in operation, the gas leaking from the 
high pressure side flows through the suction pipe to 
the evaporator to increase the temperatures of the 
latter and its relevant components, and therefore the 
power consumption is reduced as much. In this con- 

15 nection, the oil can be positively returned through a 
plurality of oil returning holes formed in the refriger- 
ant lead-out pipe extended from the accumulator. 

Furthermore, in the system of the invention, the 
mixing percentage of the refrigerating machine oil 

20 with the gas discharged from the compressor is re- 
duced, so that the refrigerating machine oil flowing in 
the system is positively returned to the compressor. 
. Thus, the system is high in reliability. When this is 
combined with the oil returning technique that an oil 

25 is returned through a plurality of oil returned holes 
formed In the refrigerant lead-out pipe extended from 
the accumulator, the oil can be more positively re- 
turned to the compressor. 

In the system, the oil separator is provided on the 

30 discharge side of the compressor to reduce the mix- 
ing percentage of the refrigerating machine oil with 
the discharged gas. Therefore, the system is high 
both in reliability and in heat exchange effectiveness. 
When this technique is combined with the above- 

35 described oil returning technique, then the oil can be 
more effectively returned into the compressor. 

The system has the control valve between the 
evaporator and the compressor, and the control 
means for closing the control valve when the com- 

40 pressor is not in operation. Therefore, when the com- 
pressor is not in operation, the control valve can be 
closed to prevent the flow from the evaporator to the 
compressor, which eliminates the difficulty that the 
compressor is insufficiently lubricated so that for in- 

45 stance the shaft is seized. 

In the system, the refrigerant essentially contains 
hydrofluorocarbon, and the refrigerating machine oil 
is non-soluble or slightly soluble with the liquid refrig- 
erant on the evaporation side and is substantially 

so equal in specific weight to the liquid refrigerant. 
Hence, the system is high both in electrical insulation 
and in moisture resistance. 

Furthermore, the system according to another 
aspect of the invention uses the refrigerant which es- 

55 sentially contains hydrofluorocarbon, and the refrig- 
erating machine oil which is non-soluble or slightly 
soluble with the liquid refrigerant on the evaporation 
side and is larger in specific weight than the liquid re- 
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frigerant. Hence, the system is high both in electrical 
insulation and in moisture resistance. The compres- 
sor sealing and lubricating functions are greatly sta- 
bilized, and the electrical insulation and the moisture 
resistance are both improved. Furthermore, the re- 
frigerating machine oil is less allowed to flow in the 
system, and even when it flows in the system, it is 
positively returned into the compressor. Thus, the 
system of the invention is high in reliability. 

The molecule of a hydrofluorocarbon is com- 
posed of hydrogen (H), carbon (C) and fluorine (F) 
atoms, so in order to manufacture refrigerating oils 
having greater values of specific gravity, it is at least 
necessary to provide atoms having atomic weights at 
least larger than fluorine. However, substances com- 
posed of large atomic weights are generally expen- 
sive. On the other hand, light refrigerating oils of the 
type used in the present invention can be manufac- 
tured at low cost since substances composed of H, C 
and O atoms will suffice. 

If a refrigerant is used together with a refrigerat- 
ing oil of low solubility, the dissolution of the refriger- 
ant into the refrigerating oil will not increase even if 
the temperature of the oil or the refrigerant in contact 
with it approaches the saturation point of the latter at 
the pressure of the atmosphere in which the refriger- 
ating oil is placed. Consequently, the viscosity of the 
liquid being supplied to the sliding part is maintained 
at a sufficiently high level to reduce the chance of the 
occurrence of seizure and other troubles in the sliding 
part. 

Speaking also of the case of using a refrigerating 
oil of low solubility, the part of the oil which leaks out 
of the oil seal portion towards the suction side of the 
compression space contains only a small amount of 
refrigerant and, hence, the loss due to a second ex- 
pansion and compression in the compression cycle is 
sufficiently reduced to prevent the drop in efficiency. 

If a non-azeotropic mixed refrigerant system is 
used, it is acceptable to use a refrigerating oil which, 
at least in the range of ambient temperatures for the 
use of the refrigerant circulating system, assumes a 
smaller value of specific gravity than that of a liquid 
refrigerant as measured at the same temperature un- 
der the corresponding saturated vapor pressure. Dur- 
ing shutdown of the compressor, only a restricted 
amount of the refrigerant will be transferred from the 
evaporator or the condenser into the compressor on 
the bottom of which it will stay as a liquid refrigerant. 
As a result, one can shorten the duration of time for 
which the liquid refrigerant is supplied to the sliding 
part of the compressor so as to reduce the efficiency 
of its lubrication when the system is restarted after 
prolonged shutdown. 

The refrigerant circulating system of the inven- 
tion insures that the refrigerating oil which is used for 
compressor lubrication, sealing and other purposes 
will flow out in small quantities to the condenser, 



throttle mechanism and evaporator; at the same time, 
the compressor will discharge only a limited amount 
of oil and, hence, the refrigerating oil that has flowed 
out can positively be returned to the compressor, 

5 thereby preventing the drop in the heat-exchange ef- 
ficiency of the condenser and the evaporator. 

The refrigerant circulating system of the inven- 
tion insures that the refrigerating oil which is used for 
compressor lubrication, sealing and other purposes 

10 will flow out in small quantities to the condenser, 
throttle mechanism and evaporator; at the same time, 
the refrigerating oil that has flowed out can positively 
be returned to the compressor, thereby preventing 
the drop in the heat-exchange efficiency of the con- 

15 denser and the evaporator. 

The refrigerant circulating system of the inven- 
tion insures that the refrigerating oil which is used for 
compressor lubrication, sealing and other purposes 
and which has flowed out to the condenser, throttle 

20 mechanism and evaporator can positively be re- 
turned to the compressor, thereby preventing the 
drop in the heat-exchange efficiency of the condens- 
er and the evaporator. 

The refrigerant circulating system of the inven- 

25 tion has yet another advantage in that even if the re- 
frigerant is released into the air atmosphere on ac- 
count of a certain trouble or the like and even if there 
is an ignitable heat source nearby, the refrigerant will 
not catch fire and, as a result, one can avoid hazards 

30 such as the occurrence of disastrous fire. 

Further, the refrigerant circulating system of the 
invention uses a nonflammable refrigerating oil and, 
hence, it will not ignite even if it is released as a mist 
into the air atmosphere. 

35 In the system of the invention, the refrigerant mix- 

ture is scarcely dissolved in the refrigerating machine 
oil. Therefore, when the refrigerant mixture is used 
which contains a plurality of refrigerants at least one 
of which is inflammable, the mixing ratio of the refrig- 

40 erant mixture in the refrigerant circulating cycle 
scarcely changes from the mixing ratio which it had 
before put in the refrigerant circulating cycle and was 
detected non-flammable. Hence, the system is free 
from the difficulty that the refrigerant mixture is par- 

45 tially dissolved in the refrigerating machine oil, so that 
its mixing ratio changes into a value with which the re- 
frigerant mixture is inflammable. Thus, the refrigerant 
mixture is maintained nonflammable. Therefore, 
even when the refrigerant mixture is discharged into 

so the air by accident, and there is an igniting source 
near it, it will never be ignited, and therefore no fire is 
caused thereby. That is, the refrigerant circulating 
system of the invention is high in safety. 

Furthermore, in the system of the invention, the 

55 refrigerant mixture is substantially not dissolved in 
the refrigerating machine oil. Therefore, when the re- 
frigerant mixture is used which contains a plurality of 
refrigerants at least one of which is inflammable, the 
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mixing ratio of the refrigerant mixture in the refriger- 
ant circulating cycle scarcely changes from the mix- 
ing ratio which it had before put in the refrigerant cir- 
culating cycle and was confirmed non-flammable. 
Hence, the system is free from the difficulty that the 
refrigerant mixture is partially dissolved in the refrig- 
erating machine oil, so that its mixing ratio changes 
into a value with which the refrigerant mixture is in- 
flammable. Thus, the refrigerant mixture is main- 
tained nonflammable. Furthermore, the refrigerating 
machine oil is nonflammable, and therefore even 
when the refrigerant mixture is discharged into the air 
by accident, and there is an igniting source near it, it 
will never be ignited, and therefore no fire will be 
caused thereby. Thus, the refrigerant circulating sys- 
tem of the invention is high in safety. 

Hydrofluorocarbons (HFC) are promising refrig- 
erants that could replace CFC12 and HCFC22 which 
are on the list of materials that need be used less or 
totally disused in view of the environmental problems 
they have caused. However, such hydrofluorocar- 
bons do not contain chlorine atoms in the molecule, 
so unlike CFC12 and HCFC22 which have chlorine 
molecules, they are not expected to offer such as ad- 
vantage that the sliding part of the compressor which 
is placed under boundary lubrication conditions forms 
a compound such as iron chloride on the metal sur- 
face, thereby improving in wear resistance. 

Further, ester oils having high solubility with hy- 
drofluorocarbons have low extreme pressure quality 
(high-pressure viscosity index) and, hence, increase 
the chance for the sliding part of the compressor to be 
subjected to the boundary lubrication conditions, as 
compared to paraff inic or naphthenic oils which have 
heretofore been employed in the refrigerant circulat- 
ing system that uses CFC12 or HCFC22 as the refrig- 
erant. 

Therefore, refrigerant circulating systems that 
use hydrofluorocarbons as refrigerants, particularly 
in the case where soluble ester oils are employed as 
refrigerating oils, have encountered a problem with 
the wear resistance of the sliding part of the compres- 
sor. This problem, however, can be solved by using 
slightly soluble oils. 

Being designed as described above, the refriger- 
ant circulating system of the invention is excellent 
both in electrical resistance and in moisture resis- 
tance, and high in reliability. 

Having the structural features described hereina- 
bove, the invention offers the advantage of providing 
a refrigerant circulating system of high reliability and 
efficiency that is capable of suppressing the escape 
of an oil from the compressor in the system and which 
insures smooth oil return so that the oil will not collect 
or stay in any unsuitable areas. 

The refrigerant circulating system of the inven- 
tion, being constructed as described above, is high in 
safety being free from a fear that it may cause a fire. 



Having the structural features described herei- 
nabove, the invention offers the added advantage of 
providing a system of high reliability that is free from 
any abnormalities in the sliding part of compressor 
5 even if the system is restarted after prolonged shut- 
down. 

Claims 

10 

1 . A refrigerant circulating system which comprises 
the interconnection of: 

a compressor that uses a hydrofluorocar- 
bon based single or mixed refrigerant and which 

15 draws in a gaseous refrigerant optionally contain- 

ing a liquid refrigerant while discharging it as a 
high-pressure gaseous refrigerant; 

a throttle mechanism for reducing the 
pressure of a liquid refrigerant optionally contain- 

20 ing a gaseous refrigerant; 

a condenser for condensing the high- 
pressure gaseous refrigerant discharged from 
said compressor; and 

an evaporator for vaporizing the liquid re- 

25 frigerant or gas-liquid phase refrigerant leaving 

said throttle mechanism, and in which system a 
refrigerating oil is contained either within said 
compressor provided in said system or in a sep- 
arate tank or the like, at least part of said refrig- 

30 erating oil being exposed to said refrigerant for 

performing the function or lubrication, sealing or 
the like, characterized in that said refrigerating oil 
has such a solubility that the weight factor of dis- 
solution thereof in the liquid refrigerant is 0.5 to 

35 7% under the condensing pressure and temper- 

ature conditions. 

2. A refrigerant circulating system which comprises 
the interconnection of: 

40 a compressor that uses a f luoroamine, f lu- 

oroether, fluoro propane, fluoroethane, fluorosi- 
lane or fluorosulf ur based single or mixed refrig- 
erant and which draws in a gaseous refrigerant 
optionally containing a liquid refrigerant while 

45 discharging it as a high-pressure gaseous refrig- 

erant; 

a throttle mechanism for reducing the 
pressure of a liquid refrigerant optionally contain- 
ing a gaseous refrigerant; 

50 a condenser for condensing the high- 

pressure gaseous refrigerant discharged from 
said compressor; and 

an evaporator for vaporizing the liquid re- 
frigerant or gas-liquid phase refrigerant leaving 

55 said throttle mechanism, and in which system a 

refrigerating oil is contained either within said 
compressor provided in said system or in a sep- 
arate tank or the like, at least part of said refrig- 
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greater value of specif ic gravity than the liquid re- 
frigerant. 

11. A refrigerant circulating system according to 
5 claim 10, wherein the specific gravity of the re- 

frigerating oil is such that, in the temperature 
range of -20°C to +60°C, it assumes a greater val- 
ue than the specific gravity of the liquid refriger- 
ant as measured at the same temperature under 
10 the corresponding saturated vapor pressure. 



erating oil being exposed to said refrigerant for 
performing the function of lubrication, sealing or 
the like, characterized in that said refrigerating oil 
has such a solubility that the weight factor of dis- 
solution thereof in the liquid refrigerant is 0.5 to 
7% under the condensing pressure and temper- 
ature conditions. 

3. A refrigerant circulating system according to 
claim 1 or 2, wherein the refrigerant is a mixture 
of refrigerants at least one of which is in an in- 
flammable refrigerant 

4. A refrigerant circulating system according to 
claim 1 or 2, wherein the refrigerating oil has a 
smaller value of specific gravity than said liquid 
refrigerant. 

5. A refrigerant circulating system according to 
claim 4, wherein the refrigerating oil is based on 
at least one member of the group consisting of al- 
kylbenzenes, polyalpha-olefins, paraffinic oils, 
naphthenicoils, polyphenylethers, polyphenylth- 
ioethers, and chlorinated paraffins. 

6. A refrigerant circulating system according to 
claim 4, wherein the refrigerant is a mixture of 
non-azeotropic refrigerants. 

7. A refrigerant circulating system according to 
claim 4, wherein the refrigerating oil is such that, 
at least in the range of ambient temperatures for 
the use of said system, it assumes a smaller val- 
ue of specif ic gravity than that of the liquid refrig- 
erant as measured at the same temperature un- 
der the corresponding saturated vapor pressure 
and wherein the refrigerant is a non-azeotropic 
mixed refrigerant. 

8. A refrigerant circulating system according to 
claim 1 further comprising an accumulator pro- 
vided with a lead-out pipe for leading the refrig- 
erant out of said accumulator, said lead-out pipe 
having a plurality of holes which are different in 
height as measured from the bottom of said ac- 
cumulator. 

9. A refrigerant circulating system according to 
claim 3 wherein a backflow preventing mecha- 
nism is provided between said evaporator and sid 
compressor, or between a four-way valve provid- 
ed in said system and a pipe connected to the 
suction side of said compressor, or between said 
accumulator and said pipe connected to the suc- 
tion side of said compressor. 

10. A refrigerant circulating system according to 
claim 1 or 2, wherein the refrigerating oil has a 



12. A refrigerant circulating system according to 
claim 1 0, wherein the refrigerating oil is based on 
a chlorofluorocarbon polymer, perfluorocarbon 

15 polymer, perfluoroalkylpolyether, modified sili- 

cone or a chlorinated aromatic compound. 

13. A refrigerant circulating system according to 
claim 10 wherein the refrigerant is a mixture of re- 

20 f rigerants at least one of which is inflammable. 

14. A refrigerant circulating system according to 
claim 1 or 2 wherein the bottom of the compres- 
sor to contain the refrigerating oil or said sepa- 

25 rate tank is located on the high-pressure side of 

said compressor or said system. 

15. A refrigerant circulating system according to 
claim 1 or 2 wherein means for separating the re- 

30 frigerating oil having a greater specific gravity 

than the gaseous refrigerant is incorporated in 
said compressor so that the weight factor of the 
presence of the refrigerating oil being discharged 
from said compressor as part of the high- 
35 pressure gaseous refrigerant is not higher than 

the weightfactor of dissolution of the refrigerating 
oil in the liquid refrigerant under the condensing 
pressure and temperature conditions. 

40 16. A refrigerant circulating system according to 
claim 1 or 2 wherein an oil separator is connected 
to the discharge side of said compressor. 

17. A refrigerant circulating system according to 
45 claim 1 or 2 wherein the refrigerating oil has no 

solubility or only slight solubility such that the 
weight factor of dissolution of said refrigerating 
oil in the liquid refrigerant under the evaporating 
pressure and temperature condition is 0 to 2%. 

50 

18. A refrigerant circulating system which comprises 
the interconnection of: 

a compressor that draws in a gaseous re- 
frigerant optionally containing a liquid refrigerant 
55 while discharging it as a high-pressure gaseous 

refrigerant; 

a throttle mechanism for reducing the 
pressure of a liquid refrigerant optionally contain- 

18 
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ing a gaseous refrigerant; 

a condenser for condensing the high- 
pressure gaseous refrigerant discharged from 
said compressor; and 

an evaporator for vaporizing the liquid re- 
frigerant or gas-liquid phase refrigerant leaving 
said throttle mechanism, and in which system a 
refrigerating oil for performing the function of lu- 
brication, sealing or the like is contained either 
within said compressor provided in said system or 
in a separate tank or the like, part or all of said re- 
frigerating oil being exposed to the refrigerant at- 
mosphere, characterized in that the refrigerant is 
a mixture of HFC32, HFC125 and HFC 134a, that 
said refrigerating oil has such a solubility that the 
weight factor of dissolution thereof in the liquid re- 
frigerant is 0.5 to 7% under the condensing pres- 
sure and temperature conditions, and that said 
refrigerating oil has a smaller value of specific 
gravity than said liquid refrigerant. 

19. A refrigerant circulating system according to 
claim 13 wherein the refrigerating oil is nonflam- 
mable. 

20. A refrigerant circulating system which comprises 
the interconnection of: 

a compressor that draws in a gaseous re- 
frigerant optionally containing a liquid refrigerant 
while discharging it as a high-pressure gaseous 
refrigerant; 

a throttle mechanism for reducing the 
pressure of a liquid refrigerant optionally contain- 
ing a gaseous refrigerant; 

a condenser for condensing the high- 
pressure gaseous refrigerant discharged from 
said compressor; and 

an evaporator for vaporizing the liquid re- 
frigerant or gas-liquid phase refrigerant leaving 
said throttle mechanism, and in which system a 
refrigerating oil for performing the function of lu- 
brication, sealing or the like is contained either 
within said compressor provided in said system or 
in a separate tank or the like, part or all of said re- 
frigerating oil being exposed to the refrigerant at- 
mosphere, characterized in that said refrigerant 
is a hydrofluorocarbon based mixture of non- 
azeotropic refrigerants, and that said refrigerat- 
ing oil is lighter than said liquid refrigerant and 
dissolves only slightly in the latter. 

21. A refrigerant circulating system which comprises 
the interconnection of. 

a compressor that draws in a gaseous re- 
frigerant optionally containing a liquid refrigerant 
while discharging it as a high-pressure gaseous 
refrigerant; 

a throttle mechanism for reducing the 



pressure of a liquid refrigerant optionally contain- 
ing a gaseous refrigerant; 

a condenser for condensing the high- 
pressure gaseous refrigerant discharged from 

5 said compressor, and 

an evaporator for vaporizing the liquid re- 
frigerant or gas-liquid phase refrigerant leaving 
said throttle mechanism, and in which system a 
refrigerating oil for performing the function of lu- 

10 brication, sealing or the like is contained either 

within said compressor provided in said system or 
in a separate tank or the like, part or alt of said re- 
frigerating oil being exposed to the refrigerant at- 
mosphere, characterized in that said refrigerant 

15 is a non-azeotropic mixed refrigerant based on at 

least one member of the group consisting of f lu- 
oroamine, fluoroether, fluoropropane, fluoro- 
ethane, f luorosilane or f luorosulf ur and that said 
refrigerating oil is lighter than said liquid refriger- 

20 ant and dissolves only slightly in the latter. 

22. A refrigerant circulating system according to 
claim 20 or 21 wherein at least one constituent of 
the mixed refrigerant is an inflammable refriger- 

25 ant. 

23. A refrigerant circulating system which comprises 
the interconnection of: 

a compressor that draws in a gaseous re- 

30 f rig era nt optionally containing a liquid refrigerant 

while discharging it as a high-pressure gaseous 
refrigerant; 

a throttle mechanism for reducing the 
pressure of a liquid refrigerant optionally contain- 

35 ing a gaseous refrigerant; 

a condenser for condensing the high- 
pressure gaseous refrigerant discharged from 
said compressor; and 

an evaporator for vaporizing the liquid re- 

40 frigerant or gas-liquid phase refrigerant leaving 

said throttle mechanism, and in which system a 
refrigerating oil for performing the function of lu- 
brication, sealing or the like is contained either 
within said compressor provided in said system or 

45 in a separate tank or the like, part or all of said re- 

frigerating oil being exposed to the refrigerant at- 
mosphere, characterized in that said refrigerant 
is a mixture of refrigerants at least one of which 
is inflammable and that said refrigerating oil is 

so lighter than said liquid refrigerant and dissolves 

only slightly in the latter. 

24. A refrigerant circulating system according to 
claim 23 wherein the refrigerating oil is nonflam- 

55 mable. 

25. A refrigerant circulating system according to 
claim 20, 21 or 23 wherein the temperature for 

19 
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separation into two layers, one being the refrig- 
erant and the other being the refrigerating oil, is 
equal to or higher than the condensing tempera- 
ture. 

5 

26. A refrigerant circulating system which comprises 
the interconnection of: 

a compressor that draws in a gaseous re- 
frigerant optionally containing a liquid refrigerant 
while discharging it as a high-pressure gaseous 10 
refrigerant; 

a throttle mechanism for reducing the 
pressure of a liquid refrigerant optionally contain- 
ing a gaseous refrigerant; 

a condenser for condensing the high- 15 
pressure gaseous refrigerant discharged from 
said compressor; and 

an evaporator for vaporizing the liquid re- 
frigerant or gas-liquid phase refrigerant leaving 
said throttle mechanism, and in which system a 20 
refrigerating oil for performing the function of lu- 
brication, sealing or the like is contained either 
within said compressor provided in said system or 
in a separate tank or the like, part or all of said re- 
frigerating oil being exposed to the refrigerant at- 25 
mosphere, characterized in that said refrigerant 
is based on the hydrofluorocarbon, that said re- 
frigerating oil has a small value of specific gravity 
than said liquid refrigerant and that a maximum 
of the temperature for separation into two layers, 30 
one being said refrigerating oil and the other be- 
ing said liquid refrigerant, is equal to or higher 
than the condensing temperature. 



that said refrigerating oil has a smaller value of 
specific gravity than said liquid refrigerant, and 
that a maximum of the temperature for separa- 
tion into two layers, one being said refrigerating 
oil and the other being said liquid refrigerant, is 
equal to or higher than the condensing tempera- 
ture. 

28. A refrigerant circulating system according to 
claim 1 , 2, 1 8, 20, 21 , 23, 26 or 27 wherein a satu- 
rated water content of said refrigerating oil is less 
than 300ppM. 



27. A refrigerant circulating system which comprises 35 
the interconnection of. 

a compressor that draws in a gaseous re- 
frigerant optionally containing a liquid refrigerant 
while discharging it as a high-pressure gaseous 
refrigerant; 40 

a throttle mechanism for reducing the 
pressure of a liquid refrigerant optionally contain- 
ing a gaseous refrigerant; 

a condenser for condensing the high- 
pressure gaseous refrigerant discharged from 45 
said compressor; and 

an evaporator for vaporizing the liquid re- 
frigerant or gas-liquid phase refrigerant leaving 
said throttle mechanism, and in which system a 
refrigerating oil for performing the function of lu- so 
brication, sealing or the like is contained either 
within said compressor provided in said system or 
in a separate tank or the like, part or all of said re- 
frigerating oil being exposed to the refrigerant at- 
mosphere, characterized in that said refrigerant 55 
is based on at least one member of the group con- 
sisting of fluoroamine, fluoroether, fluoropro- 
pane, f luoroethane, fluorosilane or fluorosulf ur, 
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